We examine the Japanese stock market response to addition to the Nikkei 225 Index during the period from 1991 to 2002. Much as in the case of the U.S. markets, the stock prices of added firms go up on the announcement date, continue to increase until one day prior to the effective change date, and then decrease on the change date. We identify that the stock price increase in the run-up period (between the announcement date and the change date) is temporary, because it is completely canceled out by the stock price decline following the change date. We also find that the excess demand of index-arbitrageurs for shares of newly added firms is the main source of the temporary stock price increase.
Introduction
A number of empirical studies, such as those of Shleifer (1986) , Harris and Gurel (1986) , Lynch and Mendenhall (1997), and Wurgler and Zhuravskaya (2002) , have examined the stock price effect associated with a change in the composition of the S&P 500 Index. All of these studies reported that additions to the S&P 500 Index increased the stock prices of added firms. Some recent studies have focused on the non-U.S. stock indices. For example, Chakrabarti, Huang, Jayaraman, and Lee (2004) studied price and volume effects of changes in the MSCI index, which is the most popular international stock index.
Despite the fact that the Japanese stock market has the second largest market capitalization following that of the U.S., few studies have focused on the changes in the composition of the Nikkei 225 Index, which is the most broadly quoted stock index in Japanese stock markets. Hanaeda and Serita (2003) examined the impact of the large composite change of the Nikkei 225 Index on April 24, 2000.
1 However, the restriction of their examination to a single event may have undermined the accuracy of their assessment of the price effect of the Nikkei 225 composite change. Furthermore, concern about the calendar clustering effect arises from a single event study.
Using a relatively large sample of changes in the Nikkei 225 Index, we investigate the stock price behavior of firms newly added to the index. 2 Our sample consists of 69 firms added to the Nikkei 225 Index during the period from 1991 to 2002.
1 The composite change on April 24, 2000 was a very large event in the sense that 30 firms were added to (and deleted from) the Nikkei 225 Index simultaneously.
2 Although Liu (2000) examined the effects of stock price and trading volume associated with changes in the Nikkei 500 Index, this index is not particularly popular in Japanese markets.
One goal of this study is to compare the market response to an event outside the realm of a firm's discretion. Some empirical studies have reported a difference in market response between Japan and the U.S. when a firm undertakes equity issuance (Kang and Stulz (1996) ) or changes its dividend policy (Dewenter and Warther (1998) ).
Such financial strategies are at the discretion of the firm and the difference in the market response is the proof that the same corporate behavior could be evaluated differently depending on the markets. On the other hand, the decision to join a stock index is not made by the added firm itself. If little difference in the stock market behavior is observed between Japan and the U.S., then one may be able to argue that the market reaction is identical when it comes to an event outside the corporate managers' discretion.
We find that the stock prices of added firms rise significantly in response to the announcements of additions. They continue to increase during the run-up period (between the day after the announcement and one day prior to the change date), and then decrease on the effective date of the change. Such stock price behavior in Japanese markets is very similar to those in the U.S. (Lynch and Mendenhall (1997) ) and international markets (Chakrabarti, Huang, Jayaraman, and Lee (2004) ). While the positive announcement effect is permanent, the run-up period stock price increase is temporary. The stock price rise in the run-up period is offset by the decline following the change date.
There are two main lines of reasoning to account for the positive market response.
One interpretation, which we will refer to as the "information hypothesis", is that the stock price of the newly added firms increases because the addition may convey sound and previously unavailable information about their future perspectives. Consistent with the information hypothesis, Denis, Mcconnell, Ovtchinnikov, and Yu (2003) found that the firms experience unexpected significant improvements in realized earnings following their addition to the S&P 500 Index. Jain (1987) and Dhillon and Johnson (1991) also reported empirical findings in support of the information hypothesis.
The other interpretation, which we will refer to as the "demand shock hypothesis", sheds light on the demand aspect of the index additions. The demand shock hypothesis suggests that the excess demand from the index-tracking investors (e.g., index-arbitrageurs and index fund managers) is the major source of the stock price increase upon addition. Harris and Gurel (1986) and Shleifer (1986) were the first to demonstrate such a demand shock effect. While Harris and Gurel (1986) identified the temporary demand shock on the stock price of added firms (the price pressure hypothesis), Shleifer (1986) found the permanent demand effect (the downward-sloping demand curve hypothesis).
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Recently, Lynch and Mendenhall (1997) and Wurgler and Zhuravskaya (2002) applied the demand shock hypothesis to index additions from a somewhat different angle. Lynch and Mendenhall (1997) investigated stock price behavior surrounding the effective date of the change as well as the announcement date. This separation of the two event dates clarified the stock price behavior during the run-up period. They found that the stock price of the firms added to the S&P 500 Index continued to increase during the run-up period and decreased on the change date. They indicated that such observed stock price behavior was consistent with the demand shock scenario due to heavy index-fund trading around the time of the change date.
Wurgler and Zhuravskaya (2002) developed a theoretical model and examined whether both the demand shock and the arbitrage risk affected the announcement effects of firms added to the S&P 500 Index. In the efficient market, the excess demand due to the portfolio alignment by the index-tracking investors can be cancelled out by the 3 Chen, Noronha, and Singal (2004) found an asymmetric price response between firms added to and those deleted from the S&P 500 Index. They suggested that investor awareness contributes to the asymmetric price effects.
rational arbitrageurs' counter-trading. In the real world, however, there exists an arbitrage risk, and as a result, the risk-averse arbitrageurs would be expected to trade less aggressively than required to offset the demand shock. 4 Consistent with the predictions of the demand shock hypothesis, they found that the magnitude of the announcement day returns of added firms had significant positive relationships with both demand shock and arbitrage risk.
Another goal of our study is to investigate how the demand shock due to the index-tracking investors affects the stock price behavior of firms newly added to the Nikkei 225 Index. Since it is likely that the announcement day return is to some degree affected by the information, we focus on stock returns after the announcement date. As suggested by Lynch and Mendenhall (1997) , the index-tracking investors tend to purchase the added stocks as near as possible to the change date in order to minimize the tracking error. Therefore, such a trading strategy on the part of the index-tracking investors affects the volume and the stock price behavior surrounding the change date.
For each stock added to the Nikkei 225 Index, we measure the size of the index-arbitrageurs' demand shock and the stock's arbitrage risk. Our focus is on the index-arbitrageurs rather than the index funds, primarily because the cash-future arbitrage balance on the Nikkei 225 was relatively large during our sample period. For the index-arbitrageurs, the arithmetically averaged Nikkei 225 Index is less risky for conducting the cash-future arbitrage trading than a capital-weighted index like the S&P 500. 5 We find that the temporary abnormal returns observed in the run-up period are 4 Shleifer (2000) stressed that, in the real world, rational arbitrage seems to be costly for several reasons. Empirically, Pontiff (1996) found that market frictions constrain the rational traders' arbitrage process, such that closed-end fund prices can deviate from their fundamental values. 5 For more details, see Section 2.
related to the demand shock in a significantly positive manner. Index arbitrageurs' rebalancing activity affects the stock price increase of added firms in the run-up window, in which the information effect is less likely to be contained. We also find a positive but insignificant relationship between arbitrage risk and the run-up period stock price increase.
The remainder of the paper is organized as follows. In Section 2, we discuss some of the details associated with the Nikkei 225 Index and the index-arbitrage trading. In Section 3, we describe our addition samples and the methodology of our analysis. In Section 4, we present the results of the stock price behavior surrounding the composite change of the Nikkei 225 Index. In Section 5, we present the results associated with the effects of the demand shock due to the index arbitrageurs' rebalancing. In Section 6, we conclude the paper.
Changes in the Nikkei 225 Index and Index-Arbitrage Trading
In Japanese stock markets, there are two popular and widely used market indices: [Insert Table 1 ] Table 1 The measure of the demand shock, indicated by DS , is the percentage of the added firm's shares relative to their outstanding shares to be purchased by the index arbitrageurs when they face changes in the Nikkei 225 Index composition. Specifically, we determine DS=AB/OUT, where AB is the number of an added firm's shares that the index arbitrageurs are to purchase to match the new composite, and OUT is the outstanding number of shares of the firm. In our sample firms, DS is 2.38% on average, as shown in Table 2 . Table 2 presents the average percentage of trading volume for sample firms over the pre-announcement periods. On average, 0.25% of the firm's outstanding shares were traded per day over the 100-day period prior to the announcement of (AD-100, AD-1).
8 Similarly, 0.29% of the firm's outstanding shares were traded per day over the 30-day period prior to the announcement. Comparing DS with these values reveals the impact of the index-arbitrageurs' trading on the stock behavior.
[Insert Table 2 ]
The typical trading behavior of the index-arbitrageurs facing a change in the composition of the Nikkei 225 Index is as follows. On the first trading day following the announcement, the stocks added to the index are likely to be bought up by numerous bidders. However, the index-arbitrageurs do not rebalance their portfolios until one day prior to the change date (CD-1). This is because, for the index-arbitrageurs, it is of the highest priority not to make a tracking error; thus the arbitrageurs would not dare to take any risk during the interim between the announcement date and the change date. By selling stocks deleted from the index and purchasing stocks added to the index at the closing price on CD-1, the index-arbitrageurs can immunize tracking errors of their cash stock portfolio. In reality, the arbitrageurs start to rebalance their portfolio a few minutes before the closing bell on CD-1.
9,10
Data and Methodology
Our original sample consists of 82 firms newly added to the Nikkei 225 Index in the period between September 1991 and October 2002. We collect information regarding the changes in index composition from Nihon Keizai Shimbun, which is the most popular economic newspaper in Japan. Since the Nihon Keizai Shimbun has a policy of making an announcement of composite changes after the stock market is closed, we define the announcement date as the first business day after the release of such information.
From the 82 original samples, we eliminate some firms for two reasons. First, we exclude 10 firms due to a lack of historical returns needed to estimate the market model coefficients and the arbitrage risk measures. Secondly, because our study relies on the separation between the announcement date and the effective date of the change, we exclude 3 firms that were added immediately after the announcement.
Among the remaining 69 firms, 30 firms were added to the index on the same day (April 24, 2000) . In order to overcome bias due to the clustering effect, we use two methods. One is a regression model with dummy variables for the event period, and the other is the equally weighted portfolio approach. 11 The results are similar under both methods (see Table 4 ). Since the reduction of 30 firms to one portfolio will cause a loss rebalancing before the closing bell.
10 Managers of the Nikkei 225-type index funds are also averse to ignoring the index, and thus could be expected to engage in similar behavior as index-arbitrageurs. Since we could not obtain the complete data of the balance for the index funds, we do not analyze the demand effect due to index-fund managers' behavior.
11 For the clustering effects, see Peterson (1989) and Henderson (1990) .
of information, for the most part in this paper, we present the results from the regression model with dummy variables.
We calculate the daily stock returns by using the closing price taken from the Nomura Aurora Database, which is widely used in Japan. The market model residual is considered as a firm's abnormal return on any given day. 12 This residual is calculated as the difference between the actual return and the predicted return based upon the market model parameter estimates and the market return for that day. The parameters of the market model are estimated over a 200-day period between day AD-230 and day AD-31, and we use TOPIX as the market index.
A cumulative abnormal return over the window from day t 1 to day t 2 is calculated by cumulating the daily abnormal returns over that window geometrically. The average abnormal return on day t is denoted by AAR(t), and the average cumulative abnormal return over the window of (t 1 , t 2 ) is denoted by CAR (t 1 , t 2 ).
The volume data are also obtained from the Nomura Aurora Database for each firm added to the Nikkei 225 Index. In order to determine whether or not the trading activity increases in the added firms on any given day in the event window, we calculate the mean volume ratio proposed by Harris and Gurel (1986) . The volume ratio for firm i on day t, VR it , is calculated by
where V it is the trading volume for firm i on day t, V mt is the trading volume for the total firms included in the market portfolio of TOPIX on day t, and V i and V m are the average trading volumes over the 200-day estimation period of (AD-230, AD-31) for firm i and the total TOPIX, respectively. The sample average of the volume ratio on day t is 12 We also attempted to calculate the abnormal returns of firms using the market-adjusted return model, and observed no significant difference in the results.
denoted as MVR t . If the addition to the Nikkei 225 Index has no effect on the trading volume, then MVR should not deviated widely from the expected value of 1 surrounding the announcement date and change date.
Stock Price Behavior Surrounding the Addition to the Nikkei 225 Index
[Insert Table 3 ]
Panel A of Table 3 presents the daily average abnormal return (AAR) and the mean volume ratio (MVR) relative to the announcement date, and panel B of Table 3 presents those values relative to the effective change date. For each of the 5 event days after the announcement date (from AD+1 to AD+5), only those firms for which the change date
has not yet occurred were used to calculate AAR and MVR. Similarly, for each of the 5 event days prior to the change date (from CD-5 to CD-1), only those firms for which the announcement date occurred on a prior day were used to calculate AAR and MVR.
The announcement of the addition to the Nikkei 225 Index pushes up the stock price by a substantial margin. An abnormal return of 5.16% with a t-value of 13.42 is observed on the announcement day. The t-value used to test the significance of each AAR is based on the standard deviation of AAR over the 200-day estimation period. As shown in Table 3 , the average stock price of added firms continues to increase gradually until one day prior to the change date (CD-1). The added firms experience a significant positive abnormal return of 4.19% with a t-value of 10.92 on CD-1.
The announcement of the index addition is made in a well-publicized manner through various media. If the market responds to the new information quickly, it is unlikely that any significant stock price reaction will be observed after the announcement date. However, the average stock price of added firms is found to continue rising after the announcement date, and the magnitude of the increase is conspicuously large on CD-1. One possible explanation for this result would be that the index-arbitrageurs tend to purchase added stocks on CD-1 in order to minimize the risk of making a tracking error, as discussed in Section 2.
Suppose that such a heavy trading of the index-arbitrageurs prior to the effective change date shifts the stocks' prices temporarily away from their equilibrium values. We then would expect to observe the price reversal following the change date as the index-arbitrageurs' trading disappears. Consistent with this expectation, Table 3 shows that the prices of the added stocks decline significantly on the change date (CD) and on the next day (CD+1) as well. The average abnormal return on CD is -3.50% with a t-value of -9.11, and that on CD+1 is -1.37% with a t-value of -3.57.
We also expect that the trading volumes of added firms would increase on CD-1 for the same reason. The daily average trading volume ratio (MVR) over the event window is presented in the last column of Table 3 . As shown in the Table, MVR increases abruptly on the announcement day, and continues to be greater than 1 after the announcement date. The largest MVR is observed on CD-1, which is consistent with the hypothesis that index-arbitrageurs rebalance their portfolios on that day. After the change date, the MVR of added firms is found to decrease gradually.
Next, we examine the average cumulative abnormal returns (CAR) over the event window. Similar to Lynch and Mendenhall (1997) and Chakrabarti, Huang, Jayaraman, and Lee (2004), we examine CAR over five event windows, i.e., the run-up window of (AD+1, CD-1), the release window of (CD, CD+7), the post-announcement windows of (AD+1, CD+7) and (AD+1, CD+10), and the total permanent window of (AD, CD+10).
We determine CD+7 as the release-ending day based on the same criterion used by Lynch and Mendenhall (1997) .
[Insert 
However, in the run-up window, the window's length varies across firms. We therefore used the average days of (t 2 -t 1 ) among all 69 samples in equation (2).
On average, the addition samples experience a significant cumulative abnormal return of 5.70% with a t-value of 6.99 over the run-up window of (AD+1, CD-1). Note that most of this CAR is the abnormal return on CD-1 of 4.19%. In the release window of (CD, CD+7), the average cumulative abnormal return of the added firms is -6.51%, which is significant at a 1% confidence interval. The stock price rise in the run-up window is completely erased by the decline during the release period. Naturally, in the post-announcement windows of (AD+1, CD+7) and (AD+1, CD+10), the average cumulative abnormal return is almost equal to zero. This pattern of stock price behavior of added firms is very similar to that reported by Lynch and Mendenhall (1997) . Although the results are not reported in this paper, we have confirmed that the stock price behavior of firms deleted from the Nikkei 225 Index is also similar to that of counterpart firms deleted from the S&P 500. Thus, little difference is observed between the Japanese and the U.S. markets in terms of the stock price behavior associated with the composite changes in the popular stock index.
14 The addition to the Nikkei 225 index produces a significant stock price increase on the announcement date, and this rise is permanent rather than temporary. There are two hypotheses that might account for this permanent increase in stock price. One is the information hypothesis and the other is the downward-sloping demand curve hypothesis.
13 As shown in Figure 1 , there is no significant stock price change after CD+10. On the other hand, added firms experience a gradual stock price increase prior to the announcement date. This may be because that some analysts report candidate firms for adding to the Nikkei 225 index based on the criteria for changing the index composition, and several investors take a long position based on the analysts' reports.
14 Chakrabarti, Huang, Jayaraman, and Lee (2004 , Table 1 ) reported essentially the same pattern of stock price behavior in Japanese markets surrounding changes in the MSCI.
However, it is difficult to specify which of the two provides a more plausible explanation. And, as mentioned by Chakrabarti, Huang, Jayaraman, and Lee (2004), these two hypotheses are not mutually exclusive.
The addition to the Nikkei 225 index also produces a continuous stock price increase into the run-up window. Contrary to the announcement effect, the run-up period stock price increase is completely neutralized by the stock price decline in the following release window, and is therefore temporary. In the next section, we examine the effects of the demand shock caused by the portfolio rebalancing on the part of the index arbitrageurs.
Effects of Index-arbitrageurs' Demand Shock
Previous studies such as those of Harris and Gurel (1986) , Lynch and Mendenhall (1997), and Wurgler and Zhuravskaya (2002) have suggested that the demand shock due to the index-tracking investors' trading affects the stock price behavior of firms newly added to the index. As argued in Section 2, it is likely that, in the case of the Nikkei 225
Index, the rebalancing of the cash stock portfolio by the index-arbitrageurs has an impact on the stock price of added firms. In this section, we will investigate this issue in detail.
Our hypothesis is as follows. Since the information effect is likely to be reflected in the stock price on the announcement date, the excess demand of the index-arbitrageurs for the newly added firms causes their stock price to increase in the run-up window.
Thus, we expect the cumulative abnormal return in the run-up window of (AD+1, CD-1) to be positively related to the measure of demand shock created by the index-arbitrageurs.
If an excess demand shock hits the market, it may shift the stock price away from its fair value, because rational arbitrage activity does not function in a perfect way as predicted by the efficient market hypothesis. In an efficient market setting, the rational arbitrages should have the opposite effect of the unsophisticated demand shock and thereby return the stock price to its fair value. However, as argued by Shleifer (2000) and Wurgler and Zhuravskaya (2002) , such arbitrage activity entails risk on the part of the arbitrageurs and falls short of the necessary corrective force. The larger the arbitrage risk of the added stock, the more it is overvalued by the excess demand shock.
Therefore, we expect the cumulative abnormal return in the run-up window to have a positive relationship to the extent of the stock's arbitrage risk.
For the purpose of testing the above hypothesis, the cumulative abnormal return in the run-up window is regressed on the demand shock and arbitrage risk measures. As explained in Section 2, the measure of the demand shock, DS , is the percentage of the added firm's shares relative to its outstanding shares to be purchased by index arbitrageurs. Taking into account the cross-held shares in the Japanese firms, we also use another measure of the demand shock, DSF. The measure of DSF, the ratio of demand shock to free float, is the percentage of the added firm's free float to be purchased by index arbitrageurs. We collected data on the free float of firms from the Toyo Keizai Data Bank. In our sample firms, DSF was 6.58% on average, which is much larger than the average DS of 2.38%. Under the demand shock hypothesis, we expect that DSF would have a stronger influence on temporary stock price than DF.
As a measure of arbitrage risk, which is designated as RISK, we use the variance of the residuals of the market model over a 200-day estimation period. The same arbitrage risk measure is also employed by Wurgler and Zhuravskaya (2002), Hanaeda and Serita (2003) and Chakrabarti, Huang, Jayaraman, and Lee (2004) . (2) indicate that DSF has a more significant effect than DS, which is in line with our initial prediction. It should be noted that the regression results provide plausible explanations with large R-squares. Model (1) and model (2) can account for about 25% and 34% of the total variation in abnormal stock price increases in the run-up window, respectively.
Model (1) and model (2) also show that abnormal stock increases are related in a positive manner with the measure of the stock's arbitrage risk (RISK). Although the results are consistent with the qualitative prediction, they are not statistically significant. Hanaeda and Serita (2003) reported that the measure of the arbitrage risk based upon the standard deviation of the error term of the market model had no significant impact on the announcement effect of addition to the Nikkei 225 Index. Such a measure of arbitrage risk might not be effective for explaining temporary stock price changes in response to a change in the Nikkei Index.
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Next, we focus on the stock price decrease in the release window of (CD, CD+7).
Panel B of Table 5 presents the regression results for the stock returns in the release window. Since the index arbitrageurs retain the stocks that they purchased before the change date as part of their cash portfolios, it is likely that the temporary demand shock will disappear following the change date. Then, we expect that neither DS nor DSF will 16 In their sample of all firms newly added to the MSCI Index, Chakrabarti, Huang, Jayaraman, and Lee (2004 , Table 5 ) found no significant relationship between stock price behavior and the measure of arbitrage risk based on the residuals of the market model.
have a significant effect on the release period CAR. The results are consistent with this prediction, because the coefficient of the demand shock in models (3) and (4) is not significant.
The arbitrage risk has a negative but insignificant relationship with the stock price behavior following the change date. The coefficients of RISK in models (1) and (2) show that the larger the arbitrage risk of the added stock, the more it is overvalued in the run-up period. Then, in the release period, the overvaluation due to arbitrage risk may disappear gradually.
In the regression model, we include the run-up period cumulative abnormal returns, denoted by RUN-UP. The results in models (3) and (4) show that the stock price behavior in the release period has a significant relationship with that in the run-up period. The more the stock price increases in the run-up period, the more it goes down after the change date. We also perform the same regression analysis for cumulative abnormal returns in the two-day period of (CD, CD+1), and we obtain essentially the same results as those obtained for the release window.
Conclusion
This paper investigated the stock price behavior of firms newly added to the Nikkei 225 Index, which is the most popular stock index in the Japanese stock markets. We identified the significant positive stock price increase for added firms on the announcement date. The stock price continues to go up into the run-up window (until one day prior to the effective change date), and subsequently declines on the change date. Such stock price behavior in Japanese markets is very similar to that in the U.S.
reported by Lynch and Mendenhall (1997) . With regard to the addition to the major stock index, which is not under the firm's discretion, there is little difference in the market responses of the Japanese and U.S. markets.
We then investigated how the demand shock from index-arbitrageurs affects the stock price behavior surrounding the index addition. We found that the cumulative abnormal return in the run-up window is positively related to the demand shock. This finding is consistent with the hypothesis that the excess demand of index-arbitrageurs for newly added firms pushes up stock prices. We also found that the magnitude of the stock price reversion in the release window is significantly related only to the run-up period abnormal return. There was no significant relationship between the magnitude of stock price reversion and excess demand shock. Taking into account the fact that the index-arbitrageurs retain the stocks purchased in the run-up period, this finding is quite plausible.
In sum, the stock price of firms newly added to the Nikkei 225 Index significantly go up in response to the announcement. This announcement effect is likely to be permanent. However, the post-announcement stock price rise in the run-up window turns out to be temporary, because most of the cumulative gains in the window are offset by the stock price declines that follow after the effective change day. The demand shock due to the index-arbitrageurs' portfolio rebalancing has a significant influence on this temporary stock price increase. Note: AAR is the average abnormal return and MVR is the mean volume ratio for the specified day in the event period. t-value is the statistic used to test the null hypothesis that AAR=0. * significant at the 10% level, ** significant at the 5% level, *** significant at the 1% level. . DS is the measure of demand shock based on the total outstanding shares, DSF is the measure of demand shock based on the free float, and RISK is the measure of arbitrage risk. RUN-UP is the run-up period CAR. The t-value is given in the parentheses. *** significant at the 1% level.
Note: AD is the announcement date and CD is the effective change date. Since the number of trading days between AD and CD varies across firms, the interval between AD+1 to CD is displayed 5 days (actual average=5.5 days). The CAR is displayed as if each daily AAR over this interval were the interval CAR divided by five. 
